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M otor vehicles represent the leading cause of fatal unintentional injury in the United States (National Safety Council 2001) . Nearly 6,000 pedestrians and cyclists are killed nationwide every year, and an additional 85,000 to 90,000 suffer from injuries inflicted on them by a moving vehicle (National Highway Traffic Safety Administration 2002). While nationwide pedestrian crash rates seem to be decreasing in many cities, this is likely because of the fact that walking represents an ever-declining mode of transportation in the United States. The portion of people walking to work has dropped by 26 percent between 1990 (Surface Transportation Policy Project 2002 . It has been estimated that presently Americans make fewer than 6 percent of their trips on foot; yet more than 13 percent of all traffic fatalities are pedestrians (Jackson and Kochtitzky 2001) . Some states score much worse than others in pedestrian fatalities. California has become one of the most dangerous states in the nation for pedestrians (Campbell et al. 2004) , with pedestrian deaths accounting for 20 percent of all traffic-related fatalities (Corless and Ohland 1999) . The state is home to five of the twenty metropolitan areas in the United States with the highest pedestrian death rates (Surface Transportation Policy Partnership 1999) . Southern California leads all the state regions in pedestrian fatalities, and the Los Angeles Standard Metropolitan Statistical Area with 354 pedestrian fatalities in 2000 tops the grim list of most dangerous California counties for pedestrians (Corless and Ohland 1999; Martin 2002) .
Pedestrian collisions are not equally distributed throughout a metropolitan area. Some neighborhoods have higher rates of pedestrian casualties than others. In our study, we found a higher probability for pedestrian collisions in neighborhoods with high population and employment density, high traffic volumes, and a large concentration of commercial/retail and multifamily residential land uses. Similarly, some population groups are more prone to being hit by a car than others. We found, for example, that Los Angeles neighborhoods with high concentrations of Latino populations had a higher concentration of pedestrian collisions per capita. Finally, the specific urban form characteristics of the microenvironment at an intersection contribute to its safety or lack thereof. Case study research showed that the most collision-prone intersections were those at the end of long blocks, with narrow sidewalks, multiple driveways, and a multitude of visual impairments for motorists and
Abstract
This research explores the spatial distribution of pedestrian-automobile collisions in Los Angeles and analyzes the social and physical factors that affect the risk of getting involved in such collisions. More specifically, this study investigates the influence of socio-demographic, land use, density, urban form, and traffic characteristics on pedestrian collision rates. We first provide an exploratory spatial and statistical analysis of pedestrian collision data in the city of Los Angeles to identify preliminary relationships between the frequency of collisions and socio-demographic and land use characteristics at the census tract level. This aggregate level analysis points to major concentrations of pedestrian collision data which are used at a second stage of the research for more qualitative and detailed analysis of specific case studies of intersections with high frequency of pedestrian collisions.
pedestrians. These findings suggest policy and design recommendations for safe walking.
The article that follows first gives a brief literature review summarizing the factors responsible for the occurrence of pedestrian-automobile collisions. It then explores the spatial distribution of pedestrian collisions in Los Angeles to better understand the link between socio-demographic and physical characteristics of neighborhoods and pedestrian casualties. The macroanalysis is followed by case study research of twelve highcollision intersections. Based on the findings of the empirical research, the article concludes with an articulation of strategies and policies for a safer environment for pedestrians.
᭤ Causes of Pedestrian-Automobile Collisions:
Brief Literature Review
For pedestrian collisions to occur, there need to be pedestrians and cars. It comes then as no surprise that most such accidents tend to happen in high density and high traffic areas. However, a number of other factors ranging from (1) characteristics of drivers and pedestrians; (2) characteristics of vehicles; (3) roadway/traffic characteristics; and (4) social, physical, and land use characteristics of neighborhoods can exacerbate the occurrence of collisions (Campbell et al. 2004 ). This study is particularly concerned with the latter two types of factors, and for this reason, we will not refer to the vast literature that explores the link between driver, pedestrian, or vehicle characteristics and the occurrence of crashes.
The traffic engineering field has examined the relationship of roadway/traffic characteristics and pedestrian collisions. Major urban arterial roads seem to concentrate a very high percentage of these collisions (Miles-Doan and Thompson 1999; Walgren 1998) , and yet, as Miles-Doan and Thompson (1999) argue, the planning profession has largely ignored the needs of pedestrians along arterials. While 40 percent of the crashes occur at intersections, the majority of them take place in other locations such as at midblock connections, sidewalks, parking lots, and so forth (Campbell et al. 2004) . Studies have also explored how the presence of marked sidewalks in uncontrolled locations (with no traffic lights) affects pedestrian collision rates. A recent study found that in high traffic (above 12,000 vehicles per day), multilane streets, marked crosswalks were associated with higher pedestrian crash rates (Zeeger et al. 2002) .
Not surprisingly, a significant relationship has been found between traffic volume and the number of collisions (Levine, Kim, and Nitz 1995a; Roberts et al. 1995; Jackson and Kochtitzky 2001; Hess, Moudon, and Matlick 2004) . Traffic speeds have also been associated with increased risk of injury to pedestrians (Jacobsen 2000) . Researchers have found that the number of traffic lanes (three or more versus two) to be a statistically significant predictor of collisions (Zegeer et al. 2001 (Zegeer et al. , 2002 . High density of curb parking is often associated with increased numbers of pedestrian collisions (Roberts et al. 1995) for the reason that parked cars may impair the visibility of oncoming traffic. However, this might be a spurious correlation, because it is also likely that many cars are parked in high-activity areas with a lot of pedestrians. As expected, pedestrian exposure has been typically associated with collision risk. Nevertheless, lack of data on pedestrian volumes has prohibited many researchers from including this important variable in their analysis.
A set of studies has examined the relationship between pedestrian collisions and the social and physical characteristics of neighborhoods. Researchers have found a relationship between an area's social deprivation and lack of affluence and pedestrian collisions (Scottish Executive 2001). For example, child pedestrian injuries occur significantly more often in poor neighborhoods with restricted access to play space and dangerous streets with high traffic (Rivera and Barber 1985; Corless and Ohland 1999) . This seems to hold true not only for children but also for adults. In a study that examined the relationship between an area's social characteristics and road collision casualties in Scotland, Abdalla et al. (1997) found that the rate of road traffic collision casualties per 10,000 residents was above the region's rate in the most deprived areas and below the region's rate in the most affluent areas. A California study found that Latino and African American children, presumably living in some of the state's most disadvantaged neighborhoods, were disproportionately represented among all pedestrian fatalities and injuries relative to their share of the population (Corless and Ohland 1999) . Similarly, a study that examined pedestrian safety data between 1990 and 2000 found that during that period, African American children had a pedestrian death rate more than twice that of white children (Safe Kids Campaign 2002) . Statewide hospitalization records from California show that Latinos and African Americans are most at risk of being hit by a car.
1 A study of pedestrian fatalities in Arizona found that urban Latino males, rural Latino females, and urban African American females had higher relative risks of dying in a pedestrian collision than non-Hispanic whites (Campos-Outcalt et al. 2003) . At the same time, a recent study found that minority populations who are presumably at greater risk of being hit by a car have a higher perception of their own safe behavior and follow safety laws more stringently (Reed and Sen 2005) . This latter finding may appear paradoxical in light of the higher relative injury and fatality rates faced by minority and poor populations. But as speculated, "the link between pedestrian deaths and ethnicity is because of the fact that Latinos and African-Americans are more likely to walk, bike and/or take public transportation, resulting in greater exposure to the dangers of the street" (Surface Transportation Policy Project 2002). While the relationship between pedestrian collision risk and the socio-demographic characteristics of neighborhoods Death on the Crosswalk ᭣ 339
is not disputed, certain physical and land use factors may be also augmenting the risk of collisions for pedestrians. Population and employment density are local area characteristics that have been found to have a positive correlation with pedestrian casualties. One study, however, found that in extremely dense urban areas, there is a decrease in the expected collision rates. The researchers reasoned that this may be because of the low traffic speeds of vehicles in highly congested areas (Graham and Glaister 2003) . Land uses generating pedestrian traffic (such as schools, commercial facilities, multifamily housing) are frequently found to be linked to high collision rates. A study by the Santa Ana Unified School District found that more than half of the city's seventytwo pedestrian collisions during the first six months in 1998 involved children walking near schools (Los Angeles Times 1999). An analysis of crashes in Honolulu showed that the number of schools and bars in a block group predicted the number of pedestrian crashes, along with the population and employment variables (Levine, Kim, and Nitz 1995b) . The same study found that the number of miles of freeway ramps and access roads and the number of miles of major arterials in a neighborhood were positively related to the number of crashes. Similarly, studies have found associations to exist between pedestrian collision rates and concentrations of retail establishments along arterials and transit corridors (Miles-Doan and Thompson, 1999; Hess, Moudon, and |Matlick 2004) . Some researchers have noted that high child collision rates are associated with neighborhoods that lack open spaces, backyards, and play areas, and have high numbers of on-street parking, long and straight streets, and heavy vehicular traffic (Preston 1976; Petch and Henson 2000) . Walgren (1998) discovered that in Seattle, 89 percent of the high-collision locations were within 150 feet of a bus stop, while 90 percent of such locations were within 70 feet of a crosswalk. Most of the collisions occurred at intersections without a traffic light.
In conclusion, the literature identifies a series of roadway design and traffic factors along with certain socio-physical and land use characteristics of neighborhoods as enhancing the risk of pedestrian collisions. What is the importance and effect of these factors on the occurrence of pedestrian collisions in Los Angeles? Are particular neighborhoods more susceptible to collisions than others? To address these questions, we will now turn to our empirical study.
᭤ Pedestrian Collisions in the City of Los Angeles
Using data on pedestrian collisions for the City of Los Angeles, we have investigated the spatial distribution of collisions in the city as well as the influence on collisions of neighborhood socio-demographic, density, land use, and traffic characteristics. We have used a mixed-methods research design that included (1) an analysis of archival records of pedestrian collision data in the city of Los Angeles; (2) spatial/GIS analysis of pedestrian collision data; (3) regression analysis to explain the density of pedestrian collision data; and (4) qualitative case study research of twelve hot spots of pedestrian collisions in Los Angeles.
Data on all vehicle collisions from 1994 through 2001 were obtained from the Los Angeles Department of Transportation. Pedestrian collisions during this period accounted for 6 to 7 percent of all traffic accidents each year for a total of 25,683 collisions. Because of multiple injuries per collision, the actual number of pedestrians involved was slightly higher at 27,835. Figure 1 shows variation in the numbers of pedestrians involved in collisions per year over the study period, which ranged from a high of 3,861 in 1996 to a low of 3,142 in 1999. There were 619 pedestrian fatalities during this time period and 4,066 injuries rated as severe. The remaining collisions were classified as with "visible injury" (about 50 percent) or "complaint of pain" (about 30 percent). The absolute number of pedestrian collisions declined from 1996 to 1999 but started rising again since 2000. Collisions involving children under the age of fifteen declined from a high of about one-third of the total pedestrian collisions in 1996 to one-fourth in the most recent year of the data, 2001.
2 The proportion of collisions involving seniors (sixty-five and over) remained fairly constant at 9 to 10 percent of the total pedestrian collisions. More males than females were involved in pedestrian collisions (almost 60 percent male). This proportion also varied little over the eightyear study period. A temporal analysis of collision data revealed that collisions were more frequent in late fall and winter and on weekdays. The peak collision period coincided with the afternoon and morning rush hours (with a major peak between 2 and 7 p.m. and a shorter morning peak between 7 and 8 a.m.). An analysis of the location of pedestrian collisions showed that about 40 percent occurred in marked crosswalks at intersections. Twenty-eight percent of collisions took place when pedestrians were jaywalking or crossing the road where there was no marked crosswalk. In an additional 12 percent of the cases, the pedestrian was walking in or along the road as opposed to crossing the road. Almost 20 percent of the collisions occurred off the road on sidewalks, parking lots, driveways, and so forth. This percentage breakdown in location of pedestrian collisions was fairly consistent across the years of the study.
Spatial Analysis of Pedestrian Collisions
Collisions involving pedestrians were geo-coded, mapped, and aggregated to the census tract level for spatial analysis. Loukaitou-Sideris, Liggett, & Sung overlaid on socio-demographic and land use characteristics at the regional level to explore visually (using GIS technology) the relationship between the density of incidents involving pedestrians and the presence of certain socioeconomic, land use, and traffic variables (see Table 1 for list of variables included in the study). Year 2000 census data at the tract level provided socio-demographic characteristics for the analysis. Land use data were obtained from the Southern California Association of Governments (2003) . These data were recategorized and aggregated at the census tract level into nine land use codes. As a measure of vehicle traffic volume, average annual daily traffic (AADT) counts for major arterial road segments in the city of Los Angeles were obtained from the California Department of Transportation. These counts were summed to create an aggregate count per census tract. A major problem in examining pedestrian safety is accounting for the effects of pedestrian exposure. Simply put, pedestrian collisions are more likely to happen where there is pedestrian activity, but researchers typically do not possess comprehensive data on pedestrian trips and how they are distributed in a neighborhood, city, or metropolitan context. The common response to this issue is the use of proxy variables as surrogates for pedestrian activity. In this study, we used two well-accepted variables-population density and employment density-to account for "at risk" population (pedestrian exposure) in our analysis. As researchers have shown, walking trips increase with density (Niemeier and 2000 (2003) . Pedestrian-automobile collisions were not equally distributed in the city. As can be observed in Figure 2 , which shows pedestrian collision incidents per square mile by census tract for the City of Los Angeles, there was a wide variation in collision density at the tract level. A clustering of incidents can be seen in the map in Figure 3 where the larger dots represent intersections with over twenty collisions and the smaller dots, ten to twenty collisions. As expected, many incident sites follow a linear pattern along major arterials.
Zooming into the central area of Los Angeles, including the southern section of the San Fernando Valley, Figure 4 shows a visual correlation between the distribution of pedestrian collisions and the percent Latino population. Figure 5 shows visually a correlation between the distribution of pedestrian collisions and the percentage of the population that falls below poverty. A visual correlation between the distribution of pedestrian collisions and the percentage of commercial land use can be observed in Figure 6 . Finally, Figure 7 shows visually a correlation between the distribution of pedestrian collisions and the level of average annual daily traffic that was aggregated to the census tract level. We see hot spots of pedestrian collisions in the Hollywood area, South Central Los Angeles, the Pico Union area, East Los Angeles, and Chinatown locations with large low-income and/or minority populations. 
Regression Model
To further explore the relationship between the spatial distribution of collisions involving pedestrians and demographic and land use characteristics, a regression model was developed using collision data aggregated at the census tract level for 860 4 tracts in the city of Los Angeles. Independent variables representing four different factors (pedestrian exposure, traffic levels, socio-demographic characteristics of the population, and land use characteristics) were tested in the model.
The dependent variable used in the regression model is the density of pedestrian collision incidents in each census tract (i.e., the number of pedestrian collisions per square mile). The average number of incidents was about 24 per census tract, ranging from 0 to 191 incidents. Ninety percent of the tracts had 50 or fewer incidents. The average density of incidents per census tract was about 95 incidents per square mile (approximately 0.75 incidents per five-acre block), while the median density was just over 50 incidents per square mile. Since the distribution of pedestrian collisions per square mile was highly skewed, the natural log of the variable was used in the regression analysis. To avoid dropping the 34 census tracts with zero collisions from the analysis, one collision was added to each tract total before calculating collision density. Descriptive statistics for the dependent variable and independent variables are shown in Table 2 . The independent variables measuring population, employment, and traffic density were also logged in the final regression model.
Using OLS prediction, the results of the final model are shown in Table 3 . Regression coefficients on the two variables that were used to control for pedestrian exposure (i.e., population density and employment density) were statistically significant at the .001 level. The density of pedestrian collisions increased with increases in population and employment density.
The coefficient on the variable representing vehicle traffic (AADT density) 5 was also positive and statistically significant indicating that the density of incidents was higher in census tracts with higher traffic volumes (note that traffic on freeways was not included in the traffic variable, since it would not be relevant to this study of pedestrian safety).
There was considerable multicollinearity among the census variables selected to represent socio-demographic factors of the population: age, gender, ethnicity, poverty, and household size. For example, there was a strong correlation between the percentage of children under fifteen in a census tract and the percentage of Hispanic/Latino population as well as the percentage of the population below poverty and the percentage of Hispanic/Latino population. As a result, only one of the demographic variables was included in the final regression model-the percentage of the population that was Hispanic/Latino. These findings support the assumption that pedestrian collisions are more likely to occur in low income, minority neighborhoods once other aspects of risk are controlled for.
While the regression analysis also showed a significant negative relationship between the average number of vehicles per household and pedestrian collisions, this variable was dropped from the final equation because of strong correlation with our two pedestrian exposure variables-population and employment density. We hypothesized that more vehicles in the household could be an indication of decreased pedestrian activity and hence less exposure to the risk of pedestrian collisions. Bivariate correlation coefficients between the independent variables remaining in the final model were all less than 0.6.
Of particular interest to our study was the significant relationship between certain land uses and pedestrian collisions. We observed a higher density of incidents in areas with higher percentages of commercial/retail land uses. Pedestrian collision density was lower, however, in areas with vacant land, industrial, or office land uses. The only residential density variable that entered into the equation was high-density residential land use, and it was positively related to pedestrian collision density. When testing other socioeconomic variables in the model, we found that the percentage of the population below poverty was highly correlated with high-density residential land use, which was another reason we decided to include the percentage of Hispanic/Latino as our socioeconomic variable. A ranking of independent variables by beta weights indicated that changes in variables measuring pedestrian exposure and traffic levels had the strongest impact on pedestrian collision density, followed by the socioeconomic variable and finally the land use variables. Of the land use variables, the percentage of the census tract covered by commercial/retail land uses had the largest beta weight, indicating the largest impact on pedestrian collision density. Arguably, the presence of commercial/ retail land use could also be measuring pedestrian exposure.
᭤ Case Studies of High-Collision Intersections
To further explore the effects of land use and built environment features on pedestrian collisions, we conducted qualitative case study research at the urban block level. From the spatial analysis outlined previously, we selected hot spots of pedestrian collisions for further case study research by identifying intersections that seemed to involve the highest levels of pedestrian risk. Risk was measured both in terms of the total number of pedestrian collisions and an exposure index calculated by dividing the number of pedestrian collisions by the maximum average annual vehicle traffic on the intersecting streets (a surrogate measure for the risk of pedestrian collisions). Out of the top twenty most high-risk intersections, we chose twelve for case study analysis. Since we were interested in studying diverse geographic and social contexts, in addition to the primary factor of risk, other factors that influenced our case study selection included geographical and socioeconomic diversity of the neighborhoods where the high-risk intersections were located 6 (Figure 8 ). Figure 9 compares the demographics of the case study intersection neighborhoods to those for the city of Los Angeles. All but three of the case study neighborhoods had a higher poverty rate than the city as a whole. In fact, the poverty rate for six of the twelve intersections was twice that of the city (around 40 percent versus 22 percent for the city). The only high-collision intersection with poverty rates significantly lower than those of the city's and of the other neighborhoods' studied was Fairfax and 3rd. This intersection, located in a primarily white neighborhood with a large elderly population, had the second highest number of pedestrian collisions and the most involving elderly and female casualties. The vast majority of the case study neighborhoods had significantly higher proportions of minority populations than the city averages. Indeed, only two case study neighborhoods (Fairfax and 3rd and Sunset and Western) had a higher proportion of white residents than the citywide 30 percent. Most of the case study neighborhoods had significantly higher population densities than the city as a whole.
For all case study intersections, we conducted a systematic and detailed fieldwork analysis and photographic documentation at the urban block level to collect variables associated with street design and traffic as well as urban form and land use. While all twelve case study intersections were in long-standing neighborhoods, it is likely that some of the urban form and land use attributes observed were not present during the time of the collision. Most of the high-collision intersections were in commercial areas with a multitude of small and large retail stores and surface parking lots. While the average block length in Los Angeles is 600 feet, ten intersections were at much longer blocks, a fact that often induces pedestrians to cross the street at midblock. Other notable elements included many bus lines and bus stops, which attracted transit riders and pedestrian activity at the intersection. At eight of the twelve sites, one or more bus stops were very close to the intersection. Stopped buses at these sites represented visual impairments for pedestrians trying to cross at the crosswalk. Almost all intersections had a significant pedestrian presence on the sidewalk. Pedestrian counts for five-minute intervals gave average counts that ranged from a low of 24 pedestrians at Daly and North Broadway to a high of 423 pedestrians at Martin Luther King and Vermont. The median number was 100 pedestrians per five minutes. A common characteristic shared by ten intersections was the very large number of driveways interrupting the sidewalk. Automobiles coming in and out of the driveways represented hazards for pedestrians. Pedestrian lighting on the sidewalks was absent from more than half of the intersections. Visibility for pedestrians and motorists was evaluated on a scale from 1 (highest) to 5 (lowest). 7 None of the intersections was found to have high visibility (less than 3). A number of visual impairments on the street (parked cars and stopped buses) and on the sidewalk (shrubbery, vendors, wares, construction) were observed at all intersections. The situation was further aggravated by the fact that sidewalk widths ranged from narrow to average.
᭤ Policies and Strategies for Safe Walking
Our study showed that certain Los Angeles neighborhoods are more vulnerable than others, since their residents have a higher risk of getting involved in pedestrian collisions. Typically, high-density urban neighborhoods with more people on the streets had more pedestrian collisions. Within these neighborhoods, however, it was clear from the GIS analysis that collisions were concentrated in a number of hot spots along urban arterials in East Los Angeles, South Central Los Angeles, Hollywood, Pico Union, and Chinatown. With the exception of Chinatown, all other high-collision neighborhoods had a majority of low-income Latino population. The study also found that more pedestrian collisions were encountered in neighborhoods with high traffic levels and higher percentages of street space. Certain land uses, in particular commercial/retail and highdensity residential establishments, seemed to generate more risk for pedestrian collisions, while areas with large portions of industrially zoned or vacant land had few collisions. These results underscore the significance of pedestrian exposure.
Findings from the case study analysis seem to confirm the findings of the spatial analysis, mainly that most high pedestriancollision intersections tend to be in neighborhoods with high poverty rates and minority populations. It is likely again that this is the case because in such neighborhoods, which are characterized by lower automobile ownership rates, people are more likely to walk or use public transit. In these high-accident neighborhoods, some intersections are less safe than others.
A close look at the microenvironment surrounding these intersections showed that certain urban form characteristics may also contribute to the more frequent occurrence of pedestrian collisions. Long blocks with multiple driveways, visual impairments for motorists and pedestrians, and relatively low levels of pedestrian lighting make walking a rather unsafe activity there. These empirical findings help us articulate some specific recommendations for local planning and transportation departments.
Conduct an annual safety audit to identify high-risk neighborhoods and hot spots of pedestrian collisions. The uneven spatial distribution of collisions in the metropolitan area and their concentration in certain neighborhoods and hot spots combined with the limited resources for improving pedestrian safety make it imperative that particular attention is given to high-risk locations. A "safety audit" by municipal departments of transportation can identify annually the "worst offenders" in each municipality-the spots with the highest numbers of collisions. A series of measures that target the redesign of unsafe crossings, traffic mitigation, and education and information campaigns for safe walking can then specifically target these high-risk locations and neighborhoods.
Provide the appropriate infrastructure for safe walking. At a minimum, the provision of a physical infrastructure for pedestrianism (sidewalks, pedestrian overpasses, crosswalks, etc.) is a necessary but not sufficient precondition for safe walking. The case studies showed that almost all high-collision intersections were characterized by long blocks and narrow sidewalks with a number of pedestrian impediments, with bus stops very close to the intersections, and with multiple driveways interrupting the sidewalk.
Safe walking requires sidewalks wide enough and without obstructions so that pedestrians are not forced to walk on the street. In areas with high pedestrian activity and long blocks, midblock crossings with traffic signals should be provided. Since a significant number of collisions in high-risk neighborhoods occur in uncontrolled crossings, the installation of new technological devices at some crossings with in-pavement flashing lights automatically activated by pedestrian presence should also be considered. Particular attention should be given to pedestrian visibility through appropriate lighting, and motorist visibility through frequent pruning of foliage. A number of pedestrian collisions occur because of jaywalking because pedestrians are darting out to the street in front of parked buses, which obstruct good visibility. As suggested by an anonymous reviewer, bus bays with curb extensions on either side may allow the departing pedestrians better visibility.
Customize pedestrian infrastructure according to the specific needs of area residents. Municipalities enforce a traffic code that seeks to manage and regulate traffic through the use of traffic control devices such as traffic signals and lights, stop signs, pavement markings, and crosswalks. These devices provide a basic level of protection for pedestrians, but to be more effective, they should be customized to the specific needs of particular neighborhoods. For example, examining the effectiveness of crosswalks, Koepsel et al. (2002) found that they did little to protect older pedestrians, giving them only a false sense of security. When no traffic signal or stop signs were present, marked crosswalks were associated with three-to six-fold increase in risk. Crosswalks should be designed taking into consideration the age and other characteristics of pedestrians and should be avoided at intersections with high traffic speeds, poor illumination, and insufficient visibility for drivers (Runge and Cole 2002) . For neighborhoods with high concentrations of elderly pedestrians, crossing time should be extended to allow slower pedestrians to finish crossing. Additionally, refuge islands in the median of wide two-way streets and curb extensions to reduce crossing distance should be considered. None of these devices were in place along 3rd and Fairfax, one of our case study intersections located in an area with a high concentration of senior citizens. We frequently observed elderly pedestrians crossing the street and finding themselves still on the crosswalk while the light had changed to red.
Mitigate the effect of certain land uses. Consistent with the results of other studies, our qualitative case studies found that many pedestrian collisions tend to occur in the vicinity of schools. Every effort should be made to avoid locating schools along major arterials. Unfortunately, as Levine, Kim, and Nitz (1995b) have shown, many schools are already built along hightraffic arterials. In such cases, overpasses and underpasses should be provided for safe crossings. Additionally, the establishment of safety zones (20 mph) in the blocks surrounding the school should be considered. Our regression analysis also discovered a higher risk of collisions in high-density residential and commercial/retail areas. Many of these collisions take place because automobiles are engulfing pedestrian spaces and vice versa. Especially along commercial corridors, multiple driveways of commercial establishments are constantly interrupting the sidewalk, creating an invasion of the pedestrian space by cars. Planning departments should try to consolidate and regulate the number of driveways interrupting the sidewalk along high-traffic commercial arterials. In commercial spaces, particular attention should be given to separating pedestrian and vehicular spaces at parking lots and creating safe crossings for pedestrians.
Educate children and parents, particularly in immigrant neighborhoods. While the redesign of sidewalks, roadways, parking lots, and crosswalks is one way to enhance pedestrian safety, education and information strategies, and age-and cultureappropriate training programs can make the streets safer for pedestrian travel and cycling. Programs such as the Safe Routes to School have been initiated in Western Europe and the United Kingdom and have been increasingly applied to different school districts in the United States. They involve a series of educational and physical measures to create safe routes to school, including identification and mitigation of hazards along the main routes to school, encouragement of safe cycling, restrictions on vehicle speeds, and other traffic calming measures (National Highway Traffic Safety Administration 2003). Pilot programs conducted in 1995 in ten British schools resulted in an increase of cycling and walking, reductions in child road casualties by 32 percent, and reductions in car use by 12 to 17 percent (Sustrans 2003) . 8 
᭤ Epilogue
In 1896, the first recorded pedestrian crash in history was an oddity, but in the century that followed, crashes became painful and inherent parts of urban travel. Empirical studies, including this one, suggest that a variety of factors may be responsible for the occurrence of pedestrian collisions; they also find that some neighborhoods are more at risk than others because of their socio-demographic, traffic, density, land use, and urban form characteristics. The traffic engineering field has promoted a number of suggestions and measures related to road, intersection, and crosswalk design, lighting, and traffic signalization that make crossing the street safer. It is time for the urban planning field to complement these efforts by issuing ordinances reducing the number of curb cuts in commercial areas with high pedestrian presence, providing alley access for service and parking, regulating the amount of utility equipment and street furniture along sidewalks, providing safe midblock crossings for long blocks, locating bus stops on the far side of intersections, and avoiding the placement of schools near high-traffic urban arterials. Some strategies can be customized to address the specific needs of particular neighborhoods (for example, those with high concentrations of at risk populations such as children, the elderly, or minority residents). Of course, design interventions alone are not enough to lower crash rates. They need to be complemented by active enforcement of the traffic code and vigorous education of pedestrians and drivers for safe walking.
In the last decade, public health experts have emphasized the importance of walking for health. In the urban design and planning fields, new urbanists have promoted high-density mixed-use and walkable neighborhoods as the desired alternative to the sprawl of low-density suburbs. While higher residential and employment densities and a mix of residential and commercial land uses are likely to result in more people on the streets, they will also have the consequence of more pedestrian collisions. A combination of traffic engineering, planning, and education strategies should be put in place for the walk to the school, the bus stop, the store, or around the block to be safer. 3. Ninety-seven percent of collisions were successfully geocoded resulting in a total of 24,784 collisions used in the study.
᭤ Notes
4. Four tracts were eliminated from the analysis that included the census tract containing the Los Angeles airport, which recorded 338 pedestrian collisions, as well as three tracts for which land use data were not available.
5. Average annual daily traffic (AADT) density was calculated by summing AADT levels for each road segment in the census tract and dividing by census tract area.
6. For example, we chose not to study intersections that belonged to the top twenty group that were in very close proximity to other intersections from the same group that we used as case studies.
7. We evaluated intersection visibility (or lack thereof) by marking one point for the existence of each of the following visual impairments: parked cars, stopped buses, shrubbery; and sidewalk impediments: vendors, wares on the sidewalk, and construction.
8. An additional strategy for safe walking would involve the lowering of traffic speeds in high-risk locations. While we were not able to take into account the effect of traffic speeds on the occurrence of accidents, literature findings suggest a correlation between high traffic speeds and pedestrian collisions along arterials (Jacobsen 2000) . A variety of innovative design means and traffic calming measures have been utilized by municipalities in Europe, Canada, and the United States in an effort to slow down traffic speeds in residential neighborhoods (Lockwood 1997) . In
